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Abstract

Asian tapewornBothriocephalus acheilognathi, a non-native fish parasite in the
United States, is potentially dangerous to natesedt fishes. Mohave tui chub
Sphateles bicolor mohavensis are federally endangered fish native to the Mojaagn in
southern California. Asian tapeworm were founliohave tui chub in Lake Tuendae,
Zzyzx, California in 2001, about the same time wasmosquitofistGambusia affinis
were also found there. In this study we examineekthdifferent aspects of Mohave tui
chub biology and their interactions with Asian tapem: (1) captive breeding of Mohave
tui chub, (2) the effects of Asian tapeworm ontigeowth and survival and (3)
population dynamics of Asian tapeworm in Lake TwendWe successfully spawned
Mohave tui chub in aquaria by first exposing thena fphotoperiod of 10 h light and 14 h
dark and a temperature of about 10°C for 30 dalgenTemperature was then raised to
21°C, about 4C per day, and photoperiod was changed to 14 haigth 10 h dark when
temperatures reached®@s Artificial plants were provided as spawning sdite. Three
spawning events produced over 1,700 larval fisthd&e tui chub held under similar
conditions for one year, but with no photoperiodesmperature fluctuation did not
spawn.

We used a fully-crossed design to test the effefan ration (5% and 2% fish
biomass); presence of mosquitofish (3 Mohave tubciind 3 mosquitofish versus 6
Mohave tui chub); and exposure to Asian tapeworriviohave tui chub (23 mm mean
SL) survival and growth in 96-day aquaria experitaer-ood ration had no effect on
Mohave tui chub when they were in combination watbsquitofish, but higher food
ration increased growth in tanks containing onlytdee tui chub. Asian tapeworm
exposure significantly reduced growth in Mohavectuilb in tanks with mosquitofish,
but there was no difference between exposed arnxposed fish without mosquitofish.
There were no significant differences in survivalaag any groups. The final infection
prevalence was 0%, but there was evidence thatat some fish were infected during
the experiment. Extensive review and retestingxperimental procedures suggests that
the low infection prevalence at the end of the expent was not due to procedural error.
Either small Mohave tui chub were unsuitable hémt#\sian tapeworm growth and
maturation; there were environmental variables pinevented infection; or the Asian
tapeworm life cycle was completed and tapewormsequhsut of the fish before the 96
day experimental laboratory period was over.

We monitored the seasonal dynamics of Asian tapewampulations in federally
endangered Mohave tui chub in Lake Tuendae, ZAyakfornia. We also examined
Mohave tui chub inhabiting MC Spring, Zzyzx, Caliit, and Lark Seep at the China
Lake Naval Weapons Center for the presence of Asieworm. No Asian tapeworms
were found in fish from either MC Spring or Larkepe Prevalence, mean abundance
and mean intensity of Asian tapeworm varied by seas the Mohave tui chub
populations. Depending on the season, we foulnde2% of the Mohave tui chub were
infected in Lake Tuendae. We also found a signitigeositive relationship between
increasing water temperature and increasing pregalanean abundance, and mean
intensity of Asian tapeworm infection in Lake Tueed In addition, prevalence of the



Asian tapeworm in Mohave tui chub in Lake Tuendaelided over the course of our
study. Additional stressors to fish (e.g. handlimgrking, transport, habitat

modifications) should be minimized during summeewlhvater temperature and Asian
tapeworm prevalence, intensity, and abundance peak.
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Executive Summary

Introductions of non-native fishes have contributeéxtinctions, extirpations,
and declines of native fishes in the southwestarted States (Miller 1961). Non-native
fish can be predators or competitors of native iggebut they can also be the source of
harmful non-native pathogens and parasites, inetuthe Asian tapeworm
Bothriocephalus acheilognathi (Heckmann et al. 1986, Heckmann et al. 1987, Hackm
et al. 1993). Asian tapeworm is a cestode natwbé Amur River Basin, China (Dove
and Fletcher 2000). This parasite spends pats difeé cycle in an intermediate copepod
host then inhabits the intestine of a freshwatdr fiost. Most commonly associated with
cyprinid fishes, Asian tapeworm was widely introdd¢hrough translocations of
common carpCyprinus carpio and grass car@tenopharyngodon idella (Bauer et al.
1973, Dove and Fletcher 2000). It is now foundabbrrontinents except Antarctica
(Hoffman 2000).

Asian tapeworm first appeared in the southwesterited States in 1979, when it
was discovered in infected cyprinids from the Mir§liver of Utah, Nevada, and
Arizona, and was probably introduced to the Sousitweough cyprinid baitfish
(Heckmann et al. 1986, Heckmann et al. 1987, Heakned al. 1993). Asian tapeworm
has spread rapidly, and is now found in lakes arets throughout the region (Brouder
and Hoffnagle 1997, Clarkson et al. 1997, Steveneater, California Department of
Fish and Game, personal communication). When pesaare numerous, marked
enlargement of the abdomen of host fish can ocdiwr severe hemorrhagic enteritis and
intestinal blockage, often resulting in host faias (Hoole and Nisan 1994).

The effects of Asian tapeworm on wild fish popwdas, especially in the
Southwest, are poorly understood. Mortality okrted fish approached 90% in some
Russian ponds (Bauer et al. 1973). Asian tapewof@ction was associated with
reduced survival in western mosquitofiSambusia affinis (Granath and Esch 1983) and
Topeka shinerBlotropistristis (Jessica Koehle, University of Minnesota, personal
communication). Experimental infections of Asiapeéworm reduced length, weight,
and survival of bonytail chu@ila cypha, and negatively affected health indices (Hansen
et al. 2006) Roundtail chulg. robusta infected with Asian tapeworm showed a
significant difference in total length compareditanfected chubs, and a positive
correlation between infection intensity and totaddth of fish (Brouder 1999). The
parasite possibly contributed to declines of endaa) Virgin River woundfin
Plagopterus argentissimus (Deacon 1988). Little is known about impacts oteptially
more vulnerable small cyprinids in warm water stnea

Lake Tuendae, an artificial pond near Zzyzx, @aitifa, harbors one of the few
remaining populations of Mohave tui ch8lbicolor mohavensis. Mohave tui chub were
endemic to the Mojave River system of southernf@ailia, but interactions with
introduced arroyo chu@. orcutti may have been responsible for their complete
elimination from the main river by 1967 (Hubbs avidler 1943, Miller 1968). The
Mohave tui chub was listed as endangered by thekBartment of the Interior on
October 13, 1970, and the only remaining naturglpsttion occurs at Soda Spring in
Zzyzx, which may have been colonized by Mohavehub when the Mojave River



flooded. Additional populations have been estéalelis with varying degrees of success
(St. Amant and Sasaki 1971, Hoover and St. Ama@8),&and today only three
populations are recognized: Zzyzx near Baker, @alia, Camp Cady near Harvard
Road in Barstow, California, and Lark Seep on than& Lake Naval Weapons Center,
California (Hughson and Woo 2004). Asian tapewwaras detected in the Lake Tuendae
population in January 2001, nearly the same tim&tave mosquitofish were discovered
there (Steve Parmenter, California Department st Bhd Game, personal
communication).

Western mosquitofish are native to the southcektrstied States, but range as far
north as Indiana and lllinois, and as far weshasRio Grande basin in New Mexico
(Fuller et al.1999). Mosquitofish were stockedisedminately (and without regard to
strain) because of their supposed abilities as mtwsgontrol agents, and are now
established in nearly all 50 states (Fuller eto8l9). Numerous studies have shown
mosquitofish to impact native southwestern fistmesugh competition and predation
(Deacon et al. 1964, Meffe 1985, Meffe et al. 1988urtenay and Meffe 1989, Mills et
al. 2004).

Our specific objectives for this study were (1p&velop methods to spawn and
rear Mohave tui chub in the laboratory to use ins&guent growth and survival
experiments; (2) to test the effects of food ratjmresence of mosquitofish, and Asian
tapeworm exposure on Mohave tui chub growth andsirand (3) to monitor
population dynamics of Asian tapeworm at Lake Taendalifornia, in Mohave tui
chub. When possible, we used non-lethal detectietihods, and examined the
relationship between water temperature and presgin&gsian tapeworm. This
information will help managers determine if Asiapéworm and/or mosquitofish are
threats to Mohave tui chub survival, and predicewfish are most vulnerable to
additional stressors.

The methods, results, and discussions of this stuelpresented in three chapters.
Each chapter discusses the methods and findingsiatesd with our research on Mohave
tui chubs, Asian tapeworm, and western mosquitaftdbake Tuendae, California, and
under laboratory conditions. All work was conarectinder U.S. Fish and Wildlife
Service recovery permit TE086593-0. Following suanmary of our most important
findings.

» Temperature and photoperiod manipulation were tsedcourage
spawning in the Mohave tui chub, representing itts¢ time this species
has been spawned in captivity to our knowledge.

* To spawn Mohave tui chub, fish in aquaria werd fsgosed to a
photoperiod of 10 h light and 14 h dark and a tenawpee of about 10°C
for 30 days. Then temperature was then raised 16,2dbout iC per day,
and photoperiod was changed to 14 h light and dé@rk when
temperatures reached®@s Artificial plants were provided as spawning
substrate.



Three spawning events produced over 1,700 larvdlave tui chub. Ten
fish in another aquaria with access to spawningtplaut not subjected to
temperature cycling or photoperiod manipulationmtd spawn during
one year of captivity.

As water was warmed to 15° C, we noticed increastiglity among
Mohave tui chub. Many fish developed a reddisbeion the bases of the
paired fins, and fish were often seen “milling” abthe artificial plants.
One month after tanks reached ambient tempera20r@3°C), we found
eggs in tanks.

At 20-23° C eggs hatched in about 4 days, and ezhsWim-up after less
than 24 hours following hatching.

We used a fully-crossed design to test the effetitiree treatment factors
on Mohave tui chub survival and growth in 96-dayatp experiments.
These factors were food ration (2 or 5% of fishness per day); presence
of mosquitofish (6 Mohave tui chub or 3 Mohavedhub and 3
mosquitofish per tank- both species at stockingi®3 mean standard
length); and exposure of Mohave tui chub to Asapetvorm (yes or no).
We used four complete replicates, with eight treathtombinations in
each replicate for a total of 32 tanks

We infected fish by allowing them to eat infecteghepods from cultures
we had established.

Food ration, presence of mosquitofish, and Asigewsrm exposure all
significantly affected growth of Mohave tui chubtire aquaria
experiments.

Significant non-additive interactions occurred betyw food ration and
mosquitofish presence, and Asian tapeworm expasutanosquitofish
presence.

Mohave tui chub in the Mohave tui chub/mosquitofisimbination grew
faster than Mohave tui chub alone, when controlforghe effects of food
ration and Asian tapeworm infection.

When Mohave tui chub were present in combinatiaih wiosquitofish,

we found no significant differences in Mohave tub growth under a
5% or 2% food ration. When all fish were Mohavectuwub, Mohave tui
chub fed 5% of their biomass daily grew faster thisimfed 2% of their

biomass when controlling for the effect of Asiapgavorm.
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Mohave tui chub exposed to Asian tapeworm grew tlean fish not
exposed to Asian tapeworm when they were in contibimavith
mosquitofish. We found no significant differendedween exposed and
unexposed Mohave tui chub when mosquitofish wesetbfrom tanks

No treatment factor significantly lowered Mohavediub survival.

No fish still alive at day 96 were infected. Oapéworm was observed
floating in an experimental tank, and we found ohgine fish exposed to
Asian tapeworm but not used in the experiment wiected with Asian
tapeworm. We do not feel that the low rates ofetita observed were
due to procedural errors that would have prevemtedtion of the fish.
We followed procedures exactly that Hansen e28l06) used to
successfully infect of bonytail chub, except thepepods were fed to fish
during a one-day period versus a three-day peaiod this experiment
was run over 96 days instead of 180 days. We lasisesl consultant one of
the co-authors on Hansen’s experiment to adviseusfection
techniques. We clearly saw production of viabléaAgapeworm
coracidia and positively identified procercoidshint infected copepods.
This was confirmed independently when we had otheversity of
Arizona biologists conducting Asian tapeworm stgdé@amine the
copepods and we sent photographs of infected calsepo review by a
parasitologist (Anindo Choudhury, St. Norbert's IEgé, personal
communication).

Either small Mohave tui chub were unsuitable hémt#\sian tapeworm
growth and maturation; there were environmentakbées that prevented
infection; or the Asian tapeworm life cycle was queted and tapeworms
passed out of the fish before the 96-day experiahdaiboratory period
was over. Future research that evaluates theosighave tui chub at
first infection, and dissections of fish followirgposure to infected
copepods to investigate Asian tapeworm developnventd be helpful.

We observed that Mohave tui chub were more oppstiorieeders than
mosquitofish, and were better at foraging in agudtven with daily
cleaning there was food and detritus left in alka Therefore,
interspecific competition among Mohave tui chub rhaye limited their
growth more than intraspecific competition with mogofish. An
explanation for the non-additive interaction of da@tion and
mosquitofish is that Mohave tui chub were abledostime much more
than 2% biomass daily when mosquitofish were priggmsentially
making high and low food rations the same in tamitl mosquitofish.
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These results suggest if Mohave tui chubs reacredlsat mosquitofish
are unable to prey upon them, mosquitofish arearatge threat.

Low infection prevalence and non-additive interaesi confuse the effect
of Asian tapeworm on Mohave tui chub. At least edish were infected
at the midpoint of the experiment. Tapeworms mayelmatured and
passed out of fish during the experiment. Non-4adglinteraction
between tapeworm and mosquitofish was probablyezhbyg low
infection prevalence and randomization that didrestilt in even
distribution of infected fish among groups.

Under the conditions of our experiment, Asian tapewexposure did not
appear to directly reduce survival in small Moh&yechub, and reduced
growth only slightly, especially when comparedhe effects of
mosquitofish and food ration.

Asian tapeworm may affect Mohave tui chubs diffélseim the field, but
this study and others produced no patterns of kigty mortality in
Southwestern cyprinids. Hansen et al. (2006) fouodality of infected
bonytail chub fed a 4% biomass was negligible ,soutival of bonytail
chub infected with Asian tapeworm was reduced2#aand 1.5%
biomass ration. Highly infected Topeka shiners amdyo chub (>30
tapeworms per fish) held in our laboratory exhithik@w mortality, further
supporting these conclusions.

We sampled the prevalence, intensity and abundaingsian tapeworm
in Mohave tui chub quarterly in Lake Tuendae frootdber 2005 to
October 2007. We combined nonlethal methods (VZ8ay) with
dissections to investigate Asian tapeworm dynamics.

In Lake Tuendae, we found significant differenaepiievalence of Asian
tapeworm in Mohave tui chub among sampling periods.

Mean prevalence of Asian tapeworm infection in Lakendae ranged
from O to 62%, while mean abundance and mean iyeramged from O
to 21 and 0 to 33 tapeworms per fish, respectively.

Increasing total length of fish was associated witlheasing infection
intensity.

As water temperature increased, prevalence, abueadand intensity of
Asian tapeworm infection also increased. The hsgpesvalence and
intensity coincided with the warmest water tempeetalthough the
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population dynamics of the copepod intermediate &nd detectability of
Asian tapeworm in cold water also probably plaple in fluctuating
estimates of prevalence, abundance, and intensity.

* We did not find Asian tapeworm in two other locasacontaining
Mohave tui chub. MC Spring, part of the Soda Spaitg close to Lake
Tuendae, was tested twice (March, 2007 and Oc@®@r) for the
presence of Asian tapeworm. Thirty fish were w@#&eMarch and fifty-
six fish were tested in October. Lark Seep on them&Lake Naval
Weapons Center was tested in March 2007 as well.

* Asian tapeworm prevalence declined in Lake Tuemndae the course of
our study. During the last few sampling periodkate Tuendae, a low
prevalence of Asian tapeworm was found. PerhapsnAapeworm
infected many fish initially and then prevalencelded, due to water
quality factors, changes in the zooplankton commtyyuor adaptation of
the fish community to the parasite.

* Handling, transport, and marking of fish, or angiaties that add to the
stressors already present in summer when wateret@types are high and
infection prevalence and intensity peak should b@mized. When
possible, such activities should be carried outnduwinter and early
spring, when the stressor of Asian tapeworm isratramum.

Reports of 90% mortality of carp in culture sitoat due to Asian tapeworm
(Bauer 1973) are simply anecdotal. These repactsdausal inference about the
mechanism that resulted in a fish kill, and alsk lsupporting details to rule out any
other cause of death. Parasites alone do not samaséaneous fish deaths, but Asian
tapeworm is associated with reduced life-span isqudofish (Granath and Esch 1983)
and Topeka shiners (Jessica Koehle, University ioihEkota, personal communication).
Asian tapeworm reduces growth, and higher inteessdre associated with smaller fish
(Brouder 1999) within a cohort, but data acroses#age classes suggest that large
Mohave tui chub are associated with higher infeciidensities. High intensity
infections might kill small fish, and only fish kitow intensity infections remain.
However, Topeka shiners and arroyo chub held iatbetth high prevalence and
intensity of Asian tapeworm had low mortality whaeld in aquaria (Archdeacon,
unpublished data). From an evolutionary stampdiwould be maladaptive for Asian
tapeworm to kill its host through a high-intensitfection.

Results from our study suggest Asian tapewormccbalan additional stressor to
the Lake Tuendae Mohave tui chub population, regulh reductions in individual fish
growth. However, we found no evidence to suggesatapeworm was responsible for
mass mortalities in Mohave tui chub in either @lrdratory or field studies. Future
experiments examining the ability of Asian tapewaoncause mortality in larger
Mohave tui chub may be warranted.
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Chapter 1. Methodsfor Captive Breeding of Mohave Tui Chubin
Aquaria

Abstract.-- The Mohave tui chuBiphateles bicolor mohavensis is a federally
listed fish not previously spawned in captivityadoratory spawning can be important
for recovery efforts by reducing collection of wiigh for translocations, providing
individuals for experimental studies, and ensugagyival of the species. To induce
spawning, we lowered the water temperature inahk by 1° C per day to about 9° C to
simulate winter conditions in Lake Tuendae. Dutiimgtemperature manipulation, we
used a photoperiod of 10 h light:14 h dark. After water temperature was 10°C, we
held it constant for 30 days. After 30 days, weveéd the tank to warm up 1°C per day
to reach ambient air temperature (20-22°C), an@dyested the photoperiod to 14 h
light:10 h dark when the tank reached 15°C. Aigliplants were provided as spawning
substrate. Three spawning events produced ove® larval fish. Mohave tui chub held
under similar conditions for one year, but withptwtoperiod or temperature fluctuation
did not spawn.

Introduction

Laboratory spawning of endangered fishes can beritaupt for recovery efforts,
allowing accurate observations of early life-higtraits, and reducing collection of wild
fish for experimental studies and translocationsy@hak and Mohr 1981; Rakes et al.
1999). Many common and endangered fishes, inajueindangered cyprinids
(Cyprinidae), have been spawned in the laborat®uyénak and Mohr 1981; Hamman
1982a, 1982b; Kaya 1991; Brandt et al. 1993; Rakes. 1999).

Mohave tui chul& phateles bicolor mohavensis (Snyder 1918) is the only native
fish in the Mojave River basin. Their populatiateclined after the 1930s, when they
competed with arroyo chul@la orcutti (Hubbs and Miller 1943) believed to have been
introduced into the headwaters by anglers. Moltavehubs were eliminated from the
Mojave River system by the late 1960s, and existdg at one isolated pool in Mojave
National Preserve at Zzyzx Mineral Springs, Catifar(Miller 1968). Mohave tui chub
were federally listed as endangered in 1970. Reagoefforts included transplanting the
fish to establish new populations, but in spitenainy attempts, the U.S Fish and Wildlife
Service recognized only three populations, all ogeg in springs in southern California,
at the time of this study —one at Lark Seep onGhma Lake Naval Weapons Center,
one at Camp Cady near Harvard Road in Barstowpardit Zzyzx in Mojave National
Preserve (Hoover and St. Amant 1983; Hughson and 2064). Captive breeding
would contribute to efforts to maintain and propagae species. Vicker (1973) made
several unsuccessful attempts to induce spawnitigeiteboratory and to collect fertile
eggs from Lake Tuendae, and no other captive hmgduis been attempted to our
knowledge.

Mohave tui chub are inactive during the coldest theriVicker 1973) for
example January, when the average minimum wategrdgature is about 8° C. In Lake
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Tuendae, Mohave tui chub can spawn as early asi&ghibut peak spawning occurs
when the water warms to 18° C in mid-March (Vickéi73). Tui chub spawn over
vegetation, and Kimsey (1954) observed that the efiagle Lake tui chub that fell
into the substrate did not develop.

Our objective was to develop methods to spawn eadMohave tui chub. We
wished to do this in captivity without the use afrimones.

Methods
Fish collection and husbandry

We used minnow traps to collect 25 adult Mohavechuib from Lake Tuendae at
Zzyzx, California (Mojave National Preserve), ingust 2005 (U.S. Fish and Wildlife
Service recovery permit TE086593-0). Fish rangesize from 120 to 220 mm TL at the
time of collection. We followed guidelines in Wigmet al. (2005) to transport fish to
holding facilities in Tucson, Arizona, and to tréfaém for external parasites. In addition,
we placed fish in a praziquantel bath (6 mg/L fé to remove Asian tapeworm
Bothriocephalus acheilognathi and other internal parasites. We housed 15 fisér, 2
months of acclimation to aquaria, in a 476-L acrydink (510 mm x 510 mm x 1,830
mm) fitted with a custom-built recirculating bidér and filled with well water (pH =
8.0). We pumped water to the filter with an inelipump (Aquatic Ecosystems Model 5,
maximum flow rate 1,900 L/h). Water was sprayedrawlon batting, trickled through
approximately 12 L of Coralife Bio-bafisand finally filtered through a 1-cm-thick layer
of activated carbon. To stabilize the filter, waqed 15 cm of pea-sized aquarium gravel
in the bottom to balance the weight of the watehatop. Water exited the bio-filter by
gravity, passed through an in-line chiller (Primual@r model #2626), and returned to
the tank through a 5-cm PVC “T” to diffuse the retfiow. The water level in the tank
was maintained at 450 mm, the same height wateretasied to the tank from the
chiller. We used two 40-watt fluorescent lightiafed 30 cm above water level) on
electronic timers to control the light cycle. Btiwoorms and pellet food (Aquatic
Ecosystems ZP1) were fed once each perathiyfbitum. Waste was removed daily, and
routine water changes and cleaning were performettaded to maintain ammonia and
nitrite levels at 0 ppm. At least once per momil,replaced 10% of the tank water with
clean well water.

We covered the outside bottom, back, and sideseofank with 5-mm foam
insulation. We placed pea-sized gravel substnatine bottom of half the tank, and the
other half was left bare. We placed three potséigrds in the tank to provide cover. We
used two 40-watt, 1,220 mm fluorescent light bdtysoom lighting, and electronic
timers to provide specific photoperiods.
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Temperature and photoperiod manipulations

To induce spawning, we lowered the water tempegatuthe tank by 1° C per
day to about 9° C to simulate winter conditions@&ke Tuendae. During the temperature
manipulation, we used a photoperiod of 10 h lightildark. After the water temperature
was 10°C, we held it constant for 30 days. Aft@idays, we allowed the tank to warm
up 1°C per day to reach ambient air temperatur2C), and we adjusted the
photoperiod to 14 h light:10 h dark when the tagédched 15°C (Figure 1).

Spawning substrate

We attached two artificial plants (Fancy PlantsriBaasparagus fern) to a
plastic grate and placed them in the tank withrgelaock to prevent the grate from
floating. Plants provided a substrate for eggcatt@ent, as well as additional cover, and
could easily be removed. For the second and Hueivns, unglazed ceramic tiles were
placed under the grate to capture eggs that diddiodre to plants. We transferred the
artificial plants and tiles containing eggs to 7@elaring tanks after spawning occurred.
Eggs were incubated at ambient temperature (20)23°&rval fish were fed
appropriately-sized commercial larval fish food (ratjc Ecosystems LD100, LD150,
LD250 and ZP3).

Results and Discussion

As water was warmed to 15° C, we noticed increasgiglity among fish. Many
fish developed a reddish tinge on the bases oégdins, and fish were often seen
“milling” about the artificial plants. These obsgations are in agreement with previous
studies of tui chub spawning in the wild (Kimseyb49Vicker 1973). On 6 February
2006, 1 month after the tanks reached 20-23°C owed eggs in tanks. We suspect
spawning occurred at night, because we checked @aiky and never witnessed
spawning; eggs were always first noticed in themmay. Three spawns occurred within
2 weeks, but the total number of eggs was diffitmkstimate because they were hard to
see in the artificial plants. The first spawn gied 166 larval fish, and the latter two
spawns yielded over 800 larval fish each. At 20-23eggs hatched in about 4 days, and
young reached swim-up less than 24 hours aftehmagc

Fish acted nervously when first brought into captivAdding substrate and
artificial plants calmed the fish. Temperaturelimygand photoperiod may be important
cues for spawning. Ten fish kept under similardibons with access to spawning plants
but not subjected to temperature cycling or phaiodemanipulation did not spawn
during 1 year of captivity. Also, no new eggs ape in tanks after artificial plants
were removed. Whether the plants served as aotigpawning or simply provided
cover to prevent eggs from being eaten immediasalymknown.
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About 400 offspring were used in subsequent gramith survival experiments
assessing the impacts of experimental infectioAdign tapeworm. The remaining fish
were transported to Camp Cady California State Méldrea and used to augment an
existing population.

References

Brandt, T. M., K. G. Graves, C. S. Berkhouse, TSion, and B.G. Whiteside. 1993.
Laboratory spawning and rearing of the endangeyedtéin darter. The Progressive
Fish-Culturist 55:149-156.

Buyanak, G. L., and H. W. Mohr, Jr. 1981. Smalde culture techniques for obtaining
spawns from fish. The Progressive Fish-Culturg88-39.

Hamman, R. L. 1982a. Induced spawning and cutitibmnytail chub. The Progressive
Fish-Culturist 44:201-203.

Hamman, R. L. 1982b. Spawning and culture of husmglzhub. The Progressive Fish-
Culturist 44:213-216.

Hoover, F., and J. A. St. Amant. 1983. Results ohilve chubGila bicolor mohavensis,
relocations in California and Nevada. CaliforniafFand Game 69:54-56.

Hubbs, C. L., and R. R. Miller. 1943. Mass hykradion between two genera of
cyprinid fishes in the Mohave Desert, CalifornRapers of the Michigan Academy
of Science, Arts, and Letters 28:343-378.

Hughson, D., and D. Woo. 2004. Report on a workgbapvisit the Mohave tui chub
recovery plan and a management action plan. Ndtierk Service, Mojave National
Preserve, Barstow, California.

Kaya, C. M. 1991. Laboratory spawning and reaahgpeckled dace. The Progressive
Fish-Culturist 53:259-260.

Kimsey, J. B. 1954. The life history of the thiub, Sphateles bicolor (Girard), from
Eagle Lake, California. California Fish and Gande395-4009.

Miller, R. R. 1968. Records of some native freatex fishes transplanted into various
waters of California, Baja California, and Nevadaalifornia Fish and Game 54:170-
179.



20

Rakes, P. L. G., J. R. G. Shute, and P. W. G. ShA&9. Reproductive behavior, captive
breeding, and restoration ecology of endangeré@gisEnvironmental Biology of
Fishes 55:31-42.

Snyder, J.0. 1918. The fishes of the Mohave Riatifornia. Proceedings of the U.S.
National Museum 54:298.

Vicker, C.E. 1973. Aspects of the life history bétMohave chuliGila bicolor
mohavensis (Snyder), from Soda Lake, California. Masters TaieGalifornia State

University, Fullerton.

Widmer, A. M., C. J. Carveth, and S. A. Bonar. 200ransport and care of small desert
fishes. Arizona Cooperative Fish and Wildlife Resé Unit Fisheries Research
Report 03-05. Tucson, Arizona.



24 7 Temperature 15

29 — — Hours of Light

Temperature
Hours of Light

Figure 1 - Photoperiod (hours of light) and tempeea(C°) regimen for laboratory
spawning of Mohave tui chub. Temperature recoately at 0800.
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Chapter 2: Effectsof Asian Tapeworm and Mosquitofish on Growth
and Survival of Mohave Tui Chub.

Abstract.--Asian tapewornBothriocephalus acheilognathi is a potentially dangerous fish
parasite, not native to the United States, thatfeaisd in federally-endangered Mohave
tui chubSphateles bicolor mohavensisin Lake Tuendae, California in 2001. We used a
fully-crossed design to test the effect of foodami(5% and 2% fish biomass); presence
of mosquitofish (3 Mohave tui chub and 3 mosqustofversus 6 Mohave tui chub); and
exposure to Asian tapeworm on Mohave tui chub (88mmean SL) survival and growth
in 96-day aquaria experiments. Food ration hadffext on Mohave tui chub when they
were in combination with mosquitofish, but higheod ration increased growth in tanks
containing only Mohave tui chub. Asian tapeworrp@sure significantly reduced
growth in Mohave tui chub in tanks with mosquitbfi®ut there was no difference
between exposed and unexposed fish without mosghitoThere were no significant
differences in survival among any groups. Thelfinizction prevalence was 0%, but
there was evidence that at least some fish weeetied during the experiment.

Introduction

Introductions of non-native fishes have contribut@éxtinctions, extirpations,
and declines of native fishes in the southwestarited States (Miller 1961). Non-native
fish can be predators or competitors of native igsebut they can also be the source of
non-native pathogens and parasites, including gianAtapewornBothriocephalus
acheilognathi (Heckmann et al. 1986; Heckmann et al. 1987; Herckmet al. 1993).
Asian tapeworm is a cestode native to the Amur RBasin, China (Dove and Fletcher
2000). This parasite spends part of its life cyelan intermediate copepod host then
inhabits a freshwater fish host. Most commonlyagded with cyprinid fishes, Asian
tapeworm was widely introduced through translocegiof common car@yprinus
carpio and grass carptenopharyngodon idella (Bauer et al. 1973, Dove and Fletcher
2000). Itis now found on all continents exceptakatica (Hoffman 2000).

Asian tapeworm first appeared in the southwestarited States in 1979, when it
was discovered in infected cyprinids from the Mir§liver of Utah, Nevada, and
Arizona, and was probably introduced through cyidrbaitfish (Heckmann et al. 1986;
Heckmann et al. 1987; Heckmann et al. 1993). Agpeworm has spread rapidly, and
it is now found in lakes and rivers throughout tegion (Brouder and Hoffnagle 1997;
Clarkson et al. 1997; Steve Parmenter, Califorrepddtment of Fish and Game, personal
communication).

When parasites are numerous, marked enlargemém eabdomen can occur
with severe hemorrhagic enteritis and intestinatkdge, often resulting in host fatalities
(Hoole and Nisan 1994). The effects of Asian tapeavon wild fish populations,
especially in the Southwest, are poorly understdddrtality of infected fish approached
90% in some Russian ponds (Bauer et al. 1973)anAsipeworm infection was
associated with reduced survival in western mosfjait Gambusia affinis (Granath and
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Esch 1983) and in Topeka shin&latropistristis (Jessica Koehle, University of
Minnesota, personal communication). Experimemifgdtions of Asian tapeworm
reduced length and weight of bonytail claiba cypha, and lowered survival at low food
rations (Hansen et al. 2006)Roundtail chulgsila robusta infected with Asian tapeworm
showed a significant difference in total length gamed to uninfected chubs, and a
negative correlation between infection intensitg &ngth of fish (Brouder 1999). The
parasite possibly contributed to declines of endaax) Virgin River woundfin
Plagopterus argentissimus (Deacon 1988). Little is known about impacts oteptially
more vulnerable small cyprinids in warm water stiea

Lake Tuendae, an artificial lake near Zzyzx, @aiifa, harbors one of the few
remaining populations of Mohave tui ch8iphateles bicolor mohavensis. Mohave tui
chub are endemic to the Mojave River system offeuatCalifornia, and interactions
with introduced arroyo chul§Sila orcutti were blamed for their elimination from the
main river by 1967 (Hubbs and Miller 1943; Mille®@8). The Mohave tui chub was
listed as endangered by the U.S. Department dhtieeor on October 13, 1970, and the
only remaining natural population occurs at SodangpZzyzx, which may have been
colonized by Mohave tui chub when the Mojave Ril@oded. Additional populations
have been established, with varying degrees ofessc(St. Amant and Sasaki 1971;
Hoover and St. Amant 1983), and today three pojulatare recognized: Zzyzx near
Baker, California, Camp Cady near Harvard Roadarsi®w, and Lark Seep on the
China Lake Naval Weapons Center (Hughson and W0d)20Asian tapeworm was
detected in the Lake Tuendae population in Jan2@@y, nearly the same time western
mosquitofish were discovered there (Steve Parme@udifornia Department of Fish and
Game, personal communication).

Western mosquitofish are native to the southcehtrstied States, endemic as far
north as Indiana and lllinois, and as far westasRio Grande basin in New Mexico
(Fuller et al.1999). Mosquitofish were stockedisedminately (and without regard to
strain) because of their supposed abilities as mtwsgontrol agents, and are now
established in nearly all 50 states (Fuller eto8l9). Numerous studies have shown
negative impacts of mosquitofish on native southresfishes through competition and
predation (Deacon et al. 1964; Meffe et al. 19828ff1985; Courtenay and Meffe
1989; Mills et al. 2004).

In a laboratory setting, we experimentally expogeuing Mohave tui chub to
Asian tapeworm, alone and in combination with Wiesteosquitofish, under two
different feeding regimes. The objective was taleate the impact of Asian tapeworm
on growth and survival of Mohave tui chub; identiigw presence or absence of
mosquitofish alters the effect of Asian tapeworngoowth of Mohave tui chub; and
provide recommendations for prioritizing perceitbreats to their survival.

Methods

Our experiment depended on obtaining Asian tapewoopepods, mosquitofish,
and Mohave tui chub to complete the life cycle sfah tapeworm and conduct the
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experiment. Asian tapeworm produce eggs, which tiech into coracidia. Coracidia
are eaten by copepods, and develop into proceraoitie body of the copepod. Infected
copepods are eaten by fish, and the Asian tapewlex@lops into an adult in the
digestive tract of the fish. Below we discuss howabtained the components of the
experiment, infected Mohave tui chub, and monitayexivth and survival of the exposed
and unexposed Mohave tui chub. Throughout thisrg#n, we used conventions
recommended by Margolis et al. (1982) and Bush. 1L897) for parasitological terms.

Animal Husbandry

Copepods. We collected copepod3yclops vernalis from San Bernardino
National Wildlife Refuge in southeastern Arizon&/e used methods developed by J.
Rey to produce pure cultures of copepods (Univweddiflorida, personal
communication, available attp://fmel.ifas.ufl.edu/culture.htin First, we isolated single
females, readily identified by external eggs, asedia pipette to transfer single copepods
into smaller drops of water until we could no longee any other organisms. We then
transferred the copepod to a small plastic contaaddled spring water, and inoculated
each container with a wheat seed Badamecium caudatum. When eggs hatched, we
poured four or five containers into a large wadwnogl, inoculated the pool with wheat
seeds an®. caudatum, and covered each pool to prevent contaminatidiithin several
weeks, we were able to produce high densities & papepods.

Western mosquitofish. We collected several hundred mosquitofish frome_ak
Tuendae, Mojave National Preserve, California.n kigre then housed in multiple
1,100-L fiberglass tanks. We filled tanks with iweater and added artificial plants for
cover. We added a pinch of flake food daily, araled young fish to other tanks as
needed when crowding was evident.

Mohave tui chub. We manipulated temperature and photoperiodCéepter 1)
to induce Mohave tui chub to spawn (USFWS recopenymit TE086593-0). All
vertebrates were housed in accordance with an epgrastitutional Animal Care and
Use Committee protocol.

Experimental Infection

Copepod exposure. We received 125 Topeka shinémsm an experimental
hatchery population known to be heavily infectethwAisian tapeworm (Jessica Koehle,
University of Minnesota, and Scott Campbell, KarBadogical Survey, personal
communication). We dissected the shiners and rechgvavid tapeworms with tanned
eggs in the posterior proglittids. We rinsed eageworm with 0.6% saline to remove
debris, then placed the tapeworm in 50-mm dianmer dish filled with spring water.
Tapeworms often expel tanned eggs, but when eggkiwot expel, we used needles to
tease out any remaining eggs from the proglottit¥e repeated the process with more
tapeworms until the bottoms of eight petri dishesenmostly covered with eggs.

We used the guidelines of Hansen et al. (2006)féxt copepods with Asian
tapeworm. One week before exposing copepods tanAapeworm, we placed 50
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copepods, avoiding females when possible, into eadéb small plastic containers. We
added only spring water, starving the copepodd feeek prior to exposing them to
Asian tapeworm coracidia. We examined Asian tapeweggs daily, and hatching
began 2 days after dissection, the largest hatchroog 3 days after dissection. On the
third day, we poured all petri dishes containingetaorm eggs and emergent coracidia
into one small dish. After mixing the water thogbily to distribute coracidia throughout
the sample, we examined six jiD-aliquots under a dissecting scope to estimate the
number of coracidia per 1-mL of water. We thordygtirred the bowl and pipetted
enough water to transfer approximately 2,800 cdradp each bowl of 50 copepods.
We maintained copepods in small plastic bowls fbdays. On day nine, we noticed
copepod behavior was altered. We examined copepatigvere able to see the
developing procercoids. We checked each bowl afdg@pods for infected individuals,
and all contained at least one. Copepods wereoghagithed on day 10 and had infective
procercoids developing (Anindo Choudhury, St. NarbeCollege, personal
communication).

Fish exposure. We filled 28 Rubbermaid®© 6.1-L plastic shoeboxethwiater.

We placed six Mohave tui chub (mean SL 22.6 mt16) in each container. To
minimize any size biases, we placed only one fisbach container before adding a
second fish, and so on. We randomly assigned bsig treatments to each 6.1-L box.
We designated boxes in experimental tanks contithree Mohave tui chub and three
western mosquitofish as “split” (described belowye replaced fish that died during
exposure or on the first day of the experiment,cwhwe assumed to be from handling
stress and not due to Asian tapeworm infection. steeved fish for 36 h prior to
exposure, and allowed fish 24 h to acclimate tollstaaks. After the acclimation period,
we poured one bowl of infected copepods into edi¢chenl4, 6.1-L boxes assigned Asian
tapeworm exposure. We poured a similar amounhekposed copepods into control
boxes. We allowed fish 24 h to forage on copepand,checked for uneaten copepods
the following day.

Experimental design and allocation of fishes to tanks. We used a fully-crossed
design with three treatment factors: Asian tapew(@xposed/unexposed), mosquitofish
presence/absence (3 mosquitofish/3 Mohave tui gbtdus tanks containing 6 Mohave
tui chub) and food ration (2% biomass per day/58triaiss per day). Temperature, food
availability, and fish density all affect fish grdw(Smith et al. 1978; Hanson and Leggett
1986; Roudebush and Taylor 1987; Werner 1992).sDewas held constant, food
ration varied, and differences in temperature betwtanks were randomly distributed.
We calculated the biomass of fish in each tankepkfood ration constant, and to avoid
confounding density effects, we placed only sik fis every tank; either six Mohave tui
chub or three Mohave tui chub and three similaitgd mosquitofish (mean SL 23.1 mm
+0.27). Temperature was maintained at ambient reonperature (20-25° C).
Randomization of tank assignment ensured expeeteddrature differences among
groups was zero.

We randomly assigned each group of fish to a 3ffaks tank. In 6.1-L boxes
designated “split,” we haphazardly netted threle &isd randomly assigned them to a 38-
L tank, then randomly assigned the remaining fisartother 38-L tank. We chose to
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split fish from within a single, exposed 6.1-L cainer, in order to maintain constant
densities of both fish and copepods throughouteditment groups during Asian
tapeworm exposure. We randomly assigned high@amddod rations to each 38-L tank.
We used four complete replicates, with eight treathtombinations in each replicate for
a total of 32 tanks.

We placed a 1-cm layer of pea-sized gravel orbtiem of each tank, and added
two pieces of pottery and an artificial plant fover. We used a re-circulating
powerfilter on each tank (Aquaclear© 200) and sigtbwaste daily, resulting in
approximately a 10% daily water change for each.tan

Growth monitoring, maintenance, and terminal sampling. On day 00 (24 h after
exposure to copepods), we anesthetized fish witi2RIE and recorded standard length
(nearest 1 mm) and weight (nearest 0.01 g). Waulzked the biomass of fish in each
tank, and high-ration (5%) treatment fish were 2&sP6 of total fish biomass (ZP3,
Aquatic Ecosystems) twice per day, at 0800 an®@0.1 Low-ration fish were fed 1% of
total fish biomass twice per day. On day 12 angr@gmately every 14 days thereatter,
we measured weight and standard length of fishrecalculated food rations to reflect
changes in growth. We also noted any missing(assumed dead) and recorded
external condition of fish (e.g. missing fins, emagéion). We did not replace Mohave tui
chub that died after day 2, but we replaced mosfsiit that died to keep mosquitofish
density constant. We examined dead fish to detexmfithey had Asian tapeworm. On
day 96, we used an MS-222 overdose to euthanizeralining fish, measured standard
length and weight, and examined fish to determmeegdence and intensity of Asian
tapeworm.

Data analysis. We used program JMP IN 5.1© to perform multifacddOVA to
compare overall mean growth (final — initial) foeight and standard length among
groups. Randomization ensured that initial expkdifferences in standard length and
weight between treatment groups was zero. Wegalaignificant interactions and used
Tukey-HSD post-hoc analysis on significant inteiats that were disordinal (non-
additive) to analyze the difference between cells.

To determine if there was an effect of Asian tapewexposure, food ration, or
presence of mosquitofish on survival, we used thsie square-root transformed data of
the final proportion of Mohave tui chub that suedy weighted by the initial number of
Mohave tui chub in the tank (three or six). Weduaanultifactor ANOVA model to test
the effect of Asian tapeworm, food ration, mosdisto and all interactions of
mosquitofish and Asian tapeworm on survival of Madé&ui chub.

Results

Food ration, mosquitofish, and Asian tapeworm eypa$iad significant effects
on the standard length gain of Mohave tui chub [@ap. Statistically significant
disordinal interactions occurred between food ratind mosquitofish, and Asian
tapeworm and mosquitofish (Figure 1). Mohave huilcwith mosquitofish present in
the tank grew on average 4.3 mm longer (95% ClE-&.4 mm) than Mohave tui chubs
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without mosquitofish, when accounting for the ef$eaf food ration and Asian tapeworm
infection (Figure 2). When mosquitofish were pragbe tanks, we found no significant
differences between 5% and 2% food ration; howeveen mosquitofish were absent,
fish fed 5% biomass daily grew on average 2.5 nmgdo (95% C.l. 0.3—4.7 mm) than
fish fed 2% biomass daily when accounting for tfieat of Asian tapeworm (Figure 3,
Tukey HSD, g = 2.76¢ = 0.05). Mohave tui chub exposed to Asian tapyewwere on
average 2.4 mm less (95% C.I. 0.2—4.6 mm) thanrfighexposed to Asian tapeworm
when mosquitofish were present, but we found noifognt differences between
exposed and unexposed Mohave tui chub when mogghiteere absent from tanks
(Figure 4, Tukey HSD, q = 2.76,= 0.05). We found similar, but less statistically
significant

Mohave tui chub survival ranged from 83% to 100%g\Fe 6), but we found no
significant differences in survival (Table 3). fsh remaining alive at day 96 contained
adult tapeworm. One tapeworm was observed floatiragn experimental tank on day
36, and we found one of nine extra fish infectethwdisian tapeworm at day 48.

Discussion

Total density of fish in a tank can affect fistogth even when per capita food is
held constant (Smith et al. 1978). We held sik fiseach tank to avoid confusing
effects of competitive interactions with effectsdainsity. Other studies on interactions
of mosquitofish with desert fishes have used treatsiwith differing total densities of
fish (Mills et al. 2004). Growth of least chub wasluced at high densities of
mosquitofish, but it is important to make compansat the same density of fish (i.e.
compare growth of 110 least chub to growth of Esiehub held with 100 mosquitofish,
not 10 least chub compared to 10 least chub held 4@0 mosquitofish. Although we
have limited the scope of inference to fish in cagptfed only one type of food, we
found that Mohave tui chub grew more in the presafcimilar-sized mosquitofish.

We observed that Mohave tui chub were more oppmtionforaging more frequently
than mosquitofish. Even with daily cleaning themsviood and detritus left in tanks,
which provides a potential explanation for the diswal food ration and mosquitofish
interaction term. When mosquitofish were presktuhave tui chub were able to feed
more effectively than when all six fish were Mohauechub. This essentially made high
and low food rations the same in tanks with mosdisih. At the time of dissection,
many Mohave tui chub from all treatment groups foadl in their gut, in spite of not
being fed for over 24 h prior to dissection. Hoee\vn a pilot-study when no cover was
provided for fish, (to allow for thorough cleaninfgtanks), and mosquitofish were larger
than Mohave tui chub, Mohave tui chub survival wamificantly reduced (Archdeacon,
unpublished data). These data suggest that onbawtdui chubs reach a size that
mosquitofish are unable to prey upon them, mosfisit@re of little threat when habitat
refuges are available. Additionally, mosquitofrely provide additional resources for
growth of Mohave tui chub. We observed mosquitoirsthe gut of Mohave tui chub on
multiple occasions in the field.
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Reports of 90% mass mortality of carp in cultuteations due to Asian
tapeworm (Bauer 1973) are simply anecdotal. Theserts lack causal inference about
the mechanism that resulted in a fish kill, an@ &gk supporting details to rule out any
other cause of death. Parasites alone do not sausé#taneous fish deaths, but Asian
tapeworm is associated with reduced life-span isquaofish (Granath and Esch 1983)
and Topeka shiners (Jessica Koehle, University iohkkota, personal communication).
Asian tapeworm reduces growth, and higher intessstare associated with smaller fish
(Brouder 1999) within a cohort, but data acrosess\age classes suggest that large
Mohave tui chub are associated with higher infecirdgensities (Chapter 3). High
intensity infections might kill small fish, and grfish with low intensity infections
remain. However, Topeka shiners and arroyo chut inéctedwith high prevalence
and intensity of Asian tapeworm had low mortalitiges held in aquaria (Archdeacon,
unpublished data). From an evolutionary standpdimiould be maladaptive for Asian
tapeworm to kill its host through a high-intensitjection. Evacuated tapeworms do not
necessarily die; they may be eaten by another, swtable host (Hansen et al. 2007;
Ward 2007) where they can reach maturity. We ngtadfishCarassius auratus,
golden shinerslotemigonus crysoleucus, Yaqui chubGila pupurea, and Mohave tui
chub readily ate tapeworms dropped into the tamkaaguired post-cyclic infection.

We did not find Asian tapeworm in the fish at timel @f the experiment. This
could have been caused by: (1) incorrect infeati@thods, (2) small Mohave tui chub
simply were not large enough to develop adult tagewor perhaps other laboratory
characteristics which prevented infection, or (3)ah tapeworm life cycle was
completed and tapeworms were evacuated from the fis

It is unlikely there were procedural errors thatngdohave prevented infection of
the fish. We followed procedures of Hansen ef28l06) successful infection of bonytail
chub exactly, except that copepods were fed todising a one day period versus a three
day period, and this experiment was run over 96 dastead of 180 days. We hired as a
consultant one of the co-authors on Hansen’s exyggri to advise us on infection
techniques. We clearly saw production of viableaAgapeworm coracidia and
positively identified procercoids within infectedmepods. This was confirmed
independently when we had other University of Anadiologists conducting Asian
tapeworm studies examine the copepods and we ketdgraphs of infected copepods
for review by a parasitologist (Anindo Choudhury, ISorbert’s College, personal
communication).

Consequently, either small Mohave tui chubs wemiitable hosts for Asian
tapeworm growth and maturation, there were envirmtal variables that prevented
infection, or Asian tapeworm life cycle was comptein the laboratory and tapeworms
passed out of the fish. Future research that atedithe size of Mohave tui chub at first
infection, and dissections of fish following exposto infected copepods to investigate
subsequent development of tapeworms would be Helpfu

Low infection prevalence and disordinal interaci@onfuse the effect of Asian
tapeworm on Mohave tui chub. At least some fishewefected at the midpoint of the
experiment. Tapeworms may have passed out ofsheal@iring the experiment. The
non-additive interaction between tapeworm and mibsfigh was probably caused by
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low infection prevalence and randomization thatrod result in an even distribution of
infected fish among groups. One interpretatiaimag exposure to Asian tapeworm only
has an effect when mosquitofish are present. Mgy, in light of zero final infection
percentage, there were not enough infected fishenqmosquitofish-absent tanks to show
a significant difference.

Studies involving multiple hosts and life-stages aery difficult. In this study,
we needed enough fish of the correct size and dnoogepods to infect these fish when
a viable source of Asian tapeworm was discoveiealo previous experimental
infections resulted in no infected fish by the efdhe experiment (Jason Kline, Arizona
Game and Fish Department, personal communicatemsppal observation), verifying
the difficulties associated with a mass experinmantaction. The last attempt produced
many infected copepods, some which were photogtapNet all of the copepods may
have had infective procercoids, which may have edlmw infection prevalence.
Replication of this study or similar studies shooéplanned well in advance, and a
viable source of Asian tapeworm eggs should beéacas early as possible.

Under the conditions of our experiment, Asian tapewexposure did not appear
to directly reduce survival in small Mohave tui bhand reduced growth only slightly,
especially when compared to the effects of mosfsit@nd food ration. Asian
tapeworm may affect Mohave tui chub differentlythie field, but this study and others
produced no patterns of very high mortality in $wustern cyprinids. Hansen et al.
(2006) found mortality of infected bonytail chuldifa 4% biomass was negligible, but
survival of bonytail chub infected with Asian tapmw was reduced at a 2% and 1.5%
biomass ration. Highly infected Topeka shiners amdyo chub (>30 tapeworms per
fish) held in our laboratory exhibited low mortglifurther supporting these conclusions.

We found no evidence Asian tapeworm was responfbleass mortalities in
small Mohave tui chub. Future experiments exangitite ability of Asian tapeworm to
cause mortality in larger Mohave tui chub may beraraed.
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Table 1 - ANOVA summary table of effects on grogtandard length) of Mohave tui
chub over 96 days in aquaria.

Source df SS F-value P
Model 7  205.58 11.80 <0.0001
Feed 1 17.46 7.01 0.0141
Mosquitofish 1 141.15 56.59 <0.0001
Tapeworm 1 9.62 3.86 0.0610
Feed*Mosquitofish 1 7.47 3.00 0.0961
Feed*Tapeworm 1 4.29 1.72 0.2019
Mosquitofish*Tapeworm 1 12.40 4.98 0.0352
Mosquitofish*Tapeworm*Feed 1 0.25 0.100 0.7535
Error 24  59.76
Total 31 265.34

Table 2 - ANOVA summary table of effects on grovreight) of Mohave tui chub over
96 days in aquaria.

Source df SS F-value P
Model 7 1.11 7.25 <0.0001
Feed 1 0.02 0.85 0.37
Mosquitofish 1 0.89 40.39 <0.0001
Tapeworm 1 0.06 2.57 0.12
Feed*Mosquitofish 1 0.05 2.27 0.14
Feed*Tapeworm 1 0.02 0.76 0.39
Mosquitofish*Tapeworm 1 0.06 2.77 0.11
Mosquitofish*Tapeworm*Feed 1 0.00 0.00 .96
Error 24 0.53
Total

31 1.65
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Table 3 - ANOVA summary table of effects on surViebMohave tui chub over 96 days
in aquaria.

Source df SS F-value P
Model 7 0.09 0.86 0.55
Feed 1 0.00 0.00 1.0
Mosquitofish 1 0.01 0.94 0.34
Tapeworm 1 0.02 1.35 0.26
Feed*Mosquitofish 1 0.00 0.04 0.85
Feed*Tapeworm 1 0.00 0.00 0.99
Mosquitofish*Tapeworm 1 0.01 0.94 0.34
Mosquitofish*Tapeworm*Feed 1 0.04 3.03 0.09
Error 24 0.34
Total

31 0.43
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Figure 1 - Plots of 2-way interactions betweenttresnt factors affecting Mohave tui

chub growth over 96 days in aquaria.
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Figure 2 - Growth (mm) of Mohave tui chub in agaawith treatment factors of 5% or

2% biomass daily food ration, exposed or unexptsdédian tapeworm (BACH), and in
the presence or absence of mosquitofish (GAAF)orHrars represent one standard error
of the mean.
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Figure 3 — Average growth (mm) of Mohave tui chalaguaria over 96 days with
treatment factors of 5% or 2% biomass daily fodtbreand in the presence or absence
of mosquitofish (GAAF), when accounting for theesff of Asian tapeworm. Error bars
represent one standard error of the mean.
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bars represent one standard error of the mean.
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biomass daily food ration, exposed or unexposekstan tapeworm (BACH), and in the
presence or absence of mosquitofish (GAAF). Bvess represent one standard error of
the mean.
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Chapter 3: Asian Tapeworm Dynamicsin Mohave Tui Chub in Lake
Tuendae, California

Abstract.--Asian tapeworm is a potentially dangerous introduicgh parasite found in
many southwestern United States fishes, primanigridids. We monitored the seasonal
dynamics of Asian tapeworm populations in federaligangered Mohave tui chub in
Lake Tuendae, Zzyzx, California. We also examildhave tui chub inhabiting MC
Spring, Zzyzx, California, and Lark Seep at ther@hiake Naval Weapons Center for
the presence of Asian tapeworm. No Asian tapeweene found in fish from either MC
Spring or Lark Seep. Prevalence, mean abundamtmaan intensity of Asian
tapeworm varied by season in the Mohave tui chyjufaions. Depending on the
season, we found 0 to 62% of the Mohave tui chute wdected in Lake Tuendae. We
also found a significant positive relationship beéw increasing water temperature and
increasing prevalence, mean abundance, and measitytof Asian tapeworm infection
in Lake Tuendae. In addition, prevalence of thesAsapeworm in Mohave tui chub in
Lake Tuendae declined over the course of our stédiditional stressors to fish (e.g.
handling, marking, transport, habitat modificatipsisould be minimized during summer
when water temperature and Asian tapeworm prevalentensity, and abundance peak.

I ntroduction

Seasonal changes in mean abundance (total numtasgresforms divided by total
number of potential hosts), mean intensity (totahber of tapeworms divided by total
number of infected hosts), and prevalence (periinfected hosts) of Asian tapeworm
are common (Granath and Esch 1983a; 1983b; Hecketaalrl986), and result from
interactions between seasons and intermediate efimitide host populations (Riggs and
Esch 1987; Marcogliese and Esch 1989; Clarksoh &087; Choudhury et al. 2004).
Seasonal patterns vary from year to year (Marcsgland Esch 1989) and among
regions (Choudhury et al. 2004). In North Carqlitne largest infrapopulations (i.e. all
the individuals of a species in an individual hagtisian tapewornoccurred during
early winter and the smallest infrapopulations ociiduring mid to late summer
(Granath and Esch 1983a; 1983b). The rise iniigiedn early winter may be due to an
emergence of4instar copepodites, an intermediate host, whickaime infected in the
spring (Riggs and Esch 1987). A later study atstimae reservoir found prevalence and
abundance of Asian tapeworm were highest in sunameithis seasonal shift correlated
with a shift in the copepod community composititfafcogliese and Esch 1989).

Because Asian tapeworm is widely distributed actbssSouthwest, infects all
cyprinid fishes, and thrives in warm water, it @gntially a serious threat to
conservation of native fish in the Southwest. @ons that Asian tapeworm will spread
further (Choudhury et al. 2006) have madenié of the most regulated warm-water fish
parasites in the United States (Mitchell 2004) eSédconcerns have prompted studies
into methods of control and treatment for Asiaretaprm, such as the use of anti-
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helminthics such as praziquantel (Droncit®), depebbfor treatment of tapeworm
infections in humans and animals (Andrews et &83)9

Fisheries managers and aquaculturists use prazejuartreat Asian tapeworm
infections in fish(Mitchell 2004; Ward 2007). Praziquantel offersaatvantage to
biologists because it eliminates Asian tapewornmeuit killing the host fish and
tapeworms can be quantified without dissectionasté (Ward 2007). The effectiveness
of praziquantel in cold water (<15°C) has not beealuated. Low temperatures may
make praziquantel ineffective, or increase the timeetection by decreasing the gut
evacuation rate (Specria002) to greater than 48 h.

Understanding seasonal fluctuations in tapewornuladjons will help managers
decide when fish are likely to have the highesvalence and intensity of Asian
tapeworm infections, and eliminate additional stoes to fish such as handling. We
monitored changes in tapeworm populations in Moliavehubs in Lake Tuendae,
Zzyzx (Mojave National Preserve), California, whére water temperatures range from
about 5°C in winter to over 30°C in summer. Weddghe relationship between Asian
tapeworm populations and temperature, discussidessauses for non-detection, and
make recommendations for future research and marmage We also tested for the
presence of Asian tapeworm in Mohave tui chub ia tther sites: MC Spring at Zzyzx,
California, and Lark Seep on the China Lake Navabpbns Center in California.

Methods

To avoid confusion, we use parasite terminologpmamended by Bush et al.
(1997) and Margolis et al. (1982). We used siatistests and measures of central
tendency (described below) recommended as apptepoiahighly skewed parasite
populations (Rozsa et al. 2000).

Field monitoring

We modified methods used to quantify Asian tapewimfiections in bonytail
chub (Ward 2007). We trapped approximately 50 Meltai chub from Lake Tuendae
during each sampling trip in October 2005, Februbtgy, August, and November 2006,
January and April 2007 (U.S. Fish and Wildlife Seewrecovery permit TE086593-0).
When more than 50 chubs were captured, we haphazmidcted individuals for
treatment, and placed a single fish into a 6.1dstt Rubbermaid© shoebox. We
covered each box with nylon screen secured witibher band, and placed each box into
a collapsible circular pool containing approximat®00 L of well water from the same
source as the lake. We placed rocks as neededvery the boxes from floating. We
added 4.8 g of praziquantel (6 mg/L) to a small amof isopropyl alcohol to create a
solution, and then added it to the pool. We maaddhe fish for 24 h for signs of stress,
while keeping the water aerated with air pumpsteA24 h, we removed the boxes from
the circular pool. We measured the total lengtmjraf each fish, recorded the number
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of tapeworms in the box, and released each figmperature data were obtained from a
data logger, and we recorded the temperature & thiE0day the fish were caught.

In January 2007, we dissected fish to determinegbeace of Asian tapeworm
because freezing surface water prevented a pratigjuzath. In April 2007 we treated
fish with praziquantel and subsequently dissedtedsame fish to evaluate spring
population parameters and evaluate the effectiweokgraziquantel. We dissected only
30 fish on these dates.

Finally, we compiled data on prevalence and intgradi Asian tapeworm in a
variety of fish species at numerous other fieldssih Arizona and southern California.
We tested for prevalence, intensity and abundahésian tapeworm in Mohave tui
chub at MC Spring, in the Soda Spring complex ctodeake Tuendae, twice (March,
2007 and October 2007). Thirty fish were testeilarch and fifty-six fish were tested
in October. Thirty fish from Lark Seep on the Chirake Naval Weapons Center were
tested in March 2007 as well.

L aboratory temperatur e experiment

We treated Topeka shindxstropistristis known to be heavily infected
(prevalence 100%, mean intensity >30) with 6.0 n¥ziquantel solution in the
laboratory. We placed 10 fish into a 76-L tankha@R° C water and 10 fish into another
tank with 13° C water. The tanks were identicalept for the water pump leading to the
chiller on the cold-water tank. After 24 h we @isted half the fish in each tank and
recorded presence or absence of Asian tapeworiter 48 h we dissected the remaining
fish and recorded presence and absence of Asiawtam.

Data analysis

We used Fisher’'s-exact test to compare prevaleh&sian tapeworm and
Mood’s median test to compare median intensitie&sin tapeworm between sampling
dates (Rozsa et al. 2000). We used linear regressitest the relationship between
infection prevalence and temperature, weighteddnypde size of each sampling period.
Within each sampling period, we used program Qtetivte Parasitology 3.0 to calculate
prevalence and Stern-Wald confidence intervals,mni@&nsity and bootstrap confidence
intervals, median intensity and distribution-fremfidence intervals, and mean
abundance and bootstrap confidence intervals (Buah 1997; Rozsa et al. 2000). We
used Spearman’s rho correlatiog (0 measure strength of association between total
length of fish and number of tapeworms per fislhe Dctober, 2007 sampling date was
not included in the seasonal analysis, but wasided in the analysis of tapeworm
prevalence, abundance and intensity over the ertdirese of the study.
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Results
Field monitoring

We found significant differences in prevalence lestw sampling periods® =
83.8,df = 6,P < 0.001). Increasing water temperature was assaocwith increasing
prevalence of infection (Figure 1; &= 7.6P = 0.040). We found similar positive
relationships between increasing mean abundangsiah tapeworm and water
temperature (Figure 1; 5= 8.53P = 0.043) and increasing mean intensity of Asian
tapeworm and water temperature (Figure %, #9.25P = 0.038). Mean prevalence
ranged from 0.00 to 0.62 (Figure 2), and mean aémcel and mean intensity ranged
from O to 21 and 0 to 33, respectively (Table Larger fish were associated with more
intense Asian tapeworm infectiong € 0.21,P = 0.055). All fish sampled in Lake
Tuendae ranged from 65 - 226 mm total length.

We found Asian tapeworm in six out of ten uniquegev bodies at least one time,
and overall 22 of 41 samples had Asian tapeworrsgote Mean intensity ranged from 0
to 38.1 tapeworms per fish. However, there wasicanable variation in sample size,
host species, and season between locations. Gbfadi sites close to Lake Tuendae, no
Mohave tui chub were found to contain Asian tapewat either MC Spring or Lark
Seep on any sampling date. However, we did fisdwtapeworm in Arroyo Chub in
Afton Canyon.

Laboratory experiment

No tapeworms were found in the gut of any fiskh@ 22°C tank after either 24
or 48 h, but we found tapeworms in all fish aftéraéhd 48 h in the 13°C tank. However,
we noted none of the tapeworms were alive even vignamd in the gut.

Discussion

Topeka shiners take longer to empty their gutoid water, including any Asian
tapeworms. Even after 48 h, fish still had mampetaorms within the gut, and we noted
none floating in the tank. Although we found Poa@ntel is effective at killing
tapeworms at low temperatures, its use as a nballdetection method may be limited
in cold waters for some species.

The initial detection of Asian tapeworm in Mohauedhub occurred in January
when ten out of ten dissected fish were infectealvéler, using Praziquantel tests, we
found tapeworm populations were low in Lake Tuendabave tui chub during the
winter. Could a similar inverse relationship beén water temperature and gut
evacuation time been responsible for the positlationship we found between water
temperature and Asian tapeworm prevalence in Mohawhub? Failure to detect Asian
tapeworm in two of four Mohave tui chub samplethatfield site were in cold weather,
when we waited only 24 hours following Praziquamteatment to check fish. However,
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when we used dissections of Mohave tui chub indgnand April 2007 to confirm our
Praziquantel results in cold weather, we also foumihfected fishr{ = 30 and 38,
respectively). Although Mohave tui chub might have passed some Asian tapeworm
during cold weather in Praziquantel tests, dissastseem to confirm that prevalence of
Asian tapeworm was low during the winter - at leaging the time of our study.

Praziquantel is still effective at killing tapewasnbut its usefulness as a
monitoring tool for some species in cold water rbayimited to situations when more
than 48 h are available for treatment. Sampleshpelld always be kept in mind as well
as season when sampling for presence/absenceaf tegieworm. Populations
parameters vary greatly at the same location thréwuge, and small sample sizes during
periods of low prevalence could lead to incorreadguming Asian tapeworm is absent
from a system (Table 2).

Prevalence and intensity of Asian tapeworm infectiroMohave tui chubs were
higher in warmer water. The highest prevalenceraedn intensity coincided with the
warmest sampling period, although the populatiomagyics of the copepod intermediate
host and detectability of Asian tapeworm in coldevalso probably played a role in
fluctuating prevalence, abundance, and intensitphgerved.

The critical thermal maximum for Mohave tui chutatsout 35°C (McClanahan
et al. 1986), and August water temperatures in Jalendae are regularly over 30°C.
Additional summer stressors include low dissolveggen. In a temperature experiment,
highly infected Topeka shiners had significantlywéw survival than uninfected Topeka
shiners at all temperatures except the warmespgo85°C, but also had decreasing
infection prevalence with increasing temperatur&@khle, University of Minnesota,
personal communication).

Larger fish were associated with higher intensifections, in direct contrast to
roundtail chulGila robusta (Brouder 1999). However, while we compared intect
intensity across age groups, roundtail chub irBifweider (1999) study were all from the
same cohort and exposed to the same environmamtditions. Fish that are infected
grow less, but smaller fish are associated withelomtensity infections. Several
explanations could account for this pattern. Snratensely infected fish may die
quickly and be eliminated from the population. Hwer, killing a host would not be
adaptive for Asian tapeworm, and we found smdli fisry hard to infect. Instead, small
Mohave tui chubs may be poor hosts for Asian tapewd_arger fish are associated with
more intense infections because their gut is moitalde to sustain a large population of
Asian tapeworm that can reproduce. Laboratorymbasens of Topeka shinelotropis
tristis and arroyo chub&ila orcutti provide anecdotal evidence that Asian tapeworm
does not kill small fish (personal observation).

Post-cyclic transmission is possible (Hansen 2G0.7), and tapeworms can be
removed from the gut and fed to another fish tatdsth infection in a new host (Ward
2007, personal observation). It would be evolurdyg advantageous for a tapeworm to
be evacuated from the gut of a small fish and pbsbe ingested by a more suitable host
than to remain in an unsuitable host where repribolucs unlikely.

Handling, transport, marking, or any activitiestthey add to the stressors
already present in summer when water temperatuedsigh and infection prevalence
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and intensity peak should be avoided. Such aes/ghould be carried out during the
winter and early spring, when stresses associaithdAsian tapeworm are at a minimum.
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Table 1 - Summary statistics of Asian tapewor m infection in M ohavetui chubsin Lake Tuendae, California. Parenthesesindicate 95%
confidence interval. *Indicates dissection used to collect data.

Date Mean prevalence Mean abundance Mean intensity n Temperature
(proportion of fish (tapeworms per total (tapeworms per
infected) number fish examined) infected fish)
OCTO05 0.35(0.19—0.55) 3(1—7) 8(3—17) 31 18.2
FEBO6 0 0 0 49 15.3
MAYO06 0.25(0.05—0.57) 0.5(0.1—1.2) 2(1—3) 12 20.1
AUGO06 0.62(0.47—0.76) 21(8—54) 33(13—81) 45 29.8
NOV06 0 0 0 40 16.6
JANO7 0 0 0 30 3.5
APRO7 0 0 0 38 19.0
OCTO7 0.04(0.01-0.12) 0.09(0.00-0.25) 2.5(2.0-3.0) 56

"Dissection used to collect data.
Not included in statistical analysis of tapewornmayics by season.



Table2 Fish examined for Asian tapeworm in variouslocations, Arizona and California.

Species Date Water body Location N Prevalence = Mean Intensity
Fathead minnow 28-Apr-05 San Pedro River, AZ Hereford Bridge 7 0.57 25
Red shiner 2-May-05 Sonoita Creek, AZ Below Patagonia Lake 7 0.00 0.0
Fathead minnow 3-May-05 San Pedro River,AZ Hereford Bridge 3 0.00 0.0
Red shiner 10-May-05 Gila River,AZ Safford 37 0.08 1.0
Fathead minnow 10-May-05 Gila River,AZ Safford 11 0.00 0.0
Red shiner 21-May-05 Bonita Creek,AZ Confluence of Gila 15 0.00 0.0
Red shiner 26-May-05 Aravaipa Creek,AZ Fish barrier 21 0.14 4.0
Red shiner 9-Jun-05 Aravaipa Creek, AZ Fish barrier 51 0.16 9.7
Red shiner 23-Jun-05 Aravaipa Creek,AZ Fish barrier 45 0.29 5.4
Red shiner 30-Jun-05 Aravaipa Creek,AZ Fish barrier 30 0.30 5.9
Red shiner 30-May-05 Verde River, AZ River mile 26 6 0.40 2.0
Red shiner 31-May-05 Verde River, AZ River mile 27.5 4 0.00 0.0
Red shiner 31-May-05 Verde River, AZ River mile 30 1 0.00 0.0
Red shiner 2-Jun-05 Verde River, AZ River mile 44 8 0.00 0.0
Red shiner 10-Jun-05 Verde River, AZ River mile 61 5 0.00 0.0
Red shiner 11-Jun-05 Verde River, AZ River mile 62 26 0.00 0.0
Red shiner 11-Jun-05 Verde River, AZ River mile 65 5 0.00 0.0
Red shiner 12-Jun-05 Verde River, AZ River mile 68 0.25 1.0
Red shiner 13-Jun-05 Verde River, AZ River mile 72 0.00 0.0
Red shiner 13-Jun-05 Verde River, AZ River mile 77 0.00 0.0
Red shiner 22-Jun-05 Verde River, AZ River mile 89.5 33 0.33 1.8
Red shiner 23-Jun-05 Verde River, AZ River mile 92 32 0.10 17
Red shiner 23-Jun-05 Verde River, AZ River mile 93.5 33 0.17 1.0
Red shiner 23-Jun-05 Verde River, AZ River mile 95 26 0.17 1.0
Red shiner 24-Jun-05 Verde River, AZ River mile 96 40 0.22 2.6
Red shiner 24-Jun-05 Verde River, AZ River mile 99 45 0.12 15
Red shiner 25-Jun-05 Verde River, AZ River mile 103 35 0.29 1.2
Red shiner 25-Jun-05 Verde River, AZ River mile 104.5 30 0.23 1.6
Arroyo chub 15-Aug-06 Mojave River, CA Afton Canyon 30 1.00 141
Arroyo chub 14-Nov-06 Mojave River, CA Afton Canyon 24 0.88 38.1
Mohave tui chub 19-Oct-05 Lake Tuendae, CA Mojave NP 31 0.35 8.0
Mohave tui chub 25-Feb-06 Lake Tuendae, CA Mojave NP 49 0.00 0.0
Mohave tui chub 11-May-06 Lake Tuendae, CA Mojave NP 12 0.25 2.0
Mohave tui chub 16-Aug-06 Lake Tuendae, CA Mojave NP 45 0.62 33.0
Mohave tui chub 14-Nov-06 Lake Tuendae, CA Mojave NP 40 0.00 0.0
Mohave tui chub 13-Jan-07 Lake Tuendae, CA Mojave NP 30 0.00 0.0
Mohave tui chub 1-Apr-07 Lake Tuendae, CA Mojave NP 38 0.00 0.0
Mohave tui chub -Oct-07 Lake Tuendae, CA Mohave NP 56 0.04 25
Mohave tui chub -March-07 MC Spring, CA Mojave NP 30 0.00 0.0
Mohave tui chub -Oct-07 MC Spring, CA Mohave NP 56 0.00 0.0
Mohave tui chub =March=07 Lark Seep, CA China Lake 30 0.00 0.0
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Figure 1 - Percentage of infected fish vs. the water temperature at 1100 in Mohave tui chub in Lake
Tuendae, California.
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Figure 2 - Mean number of infected M ohave tui chub by sampling period found in Lake Tuendae,
California. Barsrepresent 95% C.I. *Indicates dissection.



